Abstract-A model was developed to estimate Langmuir affinities for adsorption of low-polarity organic compounds from either water or air by carbonaceous sorbents. Sorption enthalpies and entropies provided the basic information for the description of sorption affinities in terms of the entropy of melting and either solubility in water or vapor pressure. For m-xylene, polycyclic aromatic hydrocarbons (PAHs) and chlorobenzenes on 10 different sorbents, 80% of the measured sorption affinities fall within a factor of four of the model estimates. Equations for the limiting distribution coefficients in terms of either octanol-air (K OA ) or octanol-water partition (K ow ) coefficients were derived from regressions of calculated affinities combined with an estimated relation between experimental Langmuir sorption capacities and K ow . Estimated soot-water distribution coefficients were within a factor of three of measured data for polychlorobiphenyls (PCBs) and lower molecular weight PAHs on automotive soot samples and captured the dependence of PCB distribution coefficients on the extent of ortho substitution. For higher molecular weight PAHs, sorption was underestimated. For soot in sediment-water distribution coefficients of PAHs and PCBs, estimated values captured both the trend of measured data with K ow and the dependence on sorbate planarity. Tentative application to aerosol-air distribution explained the observed independence of distribution coefficient-K OA relations for PCBs on the extent of ortho substitution and suggested nonequilibrium conditions for PAHs in comparison with recent measurements.
INTRODUCTION
Over the past decade, many research groups have studied the nonlinear sorption of low-polarity organic compounds by soils and sediments [1] [2] [3] [4] [5] [6] [7] [8] . There seems to be a consensus that one type of sorption domain is a medium for partitioning of low-polarity organic compounds by dissolution in natural organic matter and that another one is a medium containing sites for adsorption of these compounds. Some authors have proposed that the adsorption domain rearranges upon sorption [1, 9] and that this domain is associated with glassy/microcrystalline domains in natural organic matter [10, 11] . Others [12] [13] [14] have attributed the adsorption domain to high-surfacearea carbonaceous materials such as soot, black carbon, charcoal, and coal particles in soils and sediments.
The presence of soot in sediments has been proposed to explain the strongly enhanced sorption of in situ polychlorobiphenyls (PCBs) [15] and polycyclic aromatic hydrocarbons (PAHs) [15] [16] [17] , in contrast with predictions based on sorption by dissolution. For Milwaukee Harbor sediment, most PAHs were found to be concentrated on external surface regions of coal/wood-derived particles [18] . Coaly particles in an aquifer material caused sorption of phenanthrene to be stronger than expected from K OC -K OW relationships [4] . For aerosols from Mallorca (western Mediterranean), PAH concentrations were related to aerosol soot content [19] . Sorption by soot in aerosols explained the enhanced sorption of PAHs relative to estimates based on absorption of PAH by dissolution into aerosol organic matter [20] .
Recently, the partitioning of organic compounds between the gas phase and atmospheric particulates has been reviewed * p.vnoort@riza.rws.minvenw.nl. [21] . In that study, the pseudosolubility of various organic compounds in a variety of aerosol types was evaluated. It was proposed that pseudosolubilities in aerosols exceeding the fraction of organic matter indicate adsorption to soot. While evidence is growing that carbonaceous materials (CM) are important additional sorption media in environmental sorbents, the question arises how to quantitatively predict adsorption by CM.
Previous studies in this area are highly empirical. For instance, from data reported by various research groups, Luehrs et al. [22] derived a linear solvation energy relationship (LSER) for the limiting water-activated carbon partition coefficient of organic solutes. Their LSER is based on both the molar volume, an index for the research group and the type of carbon used, and an index parameter for the planarity of the molecule. The disadvantage of their method is that it needs a value for the research group-type of carbon index. Crittenden et al. [23] derived a multi-interaction force LSER for the estimation of Polanyi-Dubinin isotherms. The disadvantage of this approach is that the empirical constants in the LSER are compound and sorbent dependent. Gustafsson and Gschwend assumed that sorption to the soot surface is thermodynamically similar to sorption onto pure PAH solids [16] . They estimated coefficients for the distribution of a range of PAHs over soot and water on the assumption that adsorption is ideal (activity coefficient ϭ 1, as on a PAH crystal), and their coefficients involve restrictions of molecular rotational and translational states, combined with an estimate of the soot-specific surface area. A disadvantage of this estimation procedure is that the extent of adsorption by CM also depends on the number of sorption sites.
A Polanyi-Manes modeling approach, initially developed Fig. 1 . Isosteric heat for sorption of alkanes (#) and aromatic hydrocarbons (ࡗ) from the gas phase to graphitized carbon black versus the enthalpy of vaporization of the pure solid at the average temperatures of the studied temperature range. The line is the y ϭ x line. Isosteric heats were from Lopatkin [25] , vaporization enthalpies were from Linstrom and Mallard [26] .
for the description of activated carbon sorption by pore filling, was recently applied to the nonlinear sorption by soils [12, 24] . In this approach, the ratio of the adsorbed solute concentration (Q) and the adsorption capacity (Q max ) is given by the empirical equation
where S w and C are the solubility and the equilibrium concentration of the solute in water, respectively, V s is the adsorbate molar volume, R is the gas constant, T is the temperature, and aЈ and bЈ are fitting parameters. For the adsorption process, sorption data appeared to fit to both Equation 1 and a Langmuir equation (Eqn. 2, in which b is the Langmuir sorption affinity). The Langmuir isotherm describes an adsorption process in which a single sorbate molecule is sorbed at a single discrete site and where the number of adsorption sites is finite, i.e.,
For the estimation of compound-dependent sorption by CM, the disadvantage of Equation 1 is that aЈ and bЈ are empirical, compound dependent [12] , and therefore mechanistically difficult to relate to physical-chemical compound properties. The attractiveness of a Langmuirian approach is that the sorption affinity b is the equilibrium constant for the adsorption reaction with the sorption site and is therefore related to the excess Gibbs free energy for Langmuirian sorption.
This study presents the two-dimensional rotationally restricted sorbed (2D-RRS) gas approach for the estimation of affinities for Langmuirian sorption of low-polarity organic compounds by CM, prompted by Gustafsson and Gschwend's notion [16] that interactions between a PAH and soot can be taken to be equal to those in the solid PAH itself. Furthermore, incorporating this 2D-RRS gas approach, a semiempirical estimation procedure is proposed for CM distribution coefficients in the low concentration range where isotherms are virtually linear. The validity of the approaches will be explored by comparison of estimates from these approaches with literature data for b from seven studies for 17 compounds on 10 sorbents, coefficients for distribution of PAHs and PCBs over automotive soot and water from three studies, coefficients for the enhanced distribution of PAHs and PCBs over a sediment and water, and some recent data for the distribution of PAHs and PCBs over aerosols and air.
THEORETICAL APPROACH
As in Gustafsson and Gschwend's study [16] , a CM sorption site is considered (a part of) a large PAH. Furthermore, it is proposed, based on literature data discussed herein, that the interactions of sorbed nonreactive hydrocarbons with the PAHlike surface that translate into enthalpy contributions resemble those of the pure solid nonreactive hydrocarbon. In other words, the difference in enthalpy between the pure solid and the CM-sorbed state is proposed to be negligible.
For a range of alkanes, alkylbenzenes, naphthalene, and biphenyl, isosteric heats of sorption (q is ) from the gas phase to graphitized carbon black in the Henry domain have been calculated from gas chromatography data [25] . These isosteric heats of sorption can be taken to be equal to the sorption enthalpy. If the difference in enthalpy between the pure solid and the sorbed state would be negligible, the enthalpy of desorption to the gas phase is expected to be equal to the enthalpy of vaporization of the pure solid. In other words, q is values are expected to be equal to the opposite of the enthalpy of vaporization of the pure solid at the experimental temperature. For those compounds in Lopatkin [25] for which vaporization enthalpy data could be found in Linstrom et al. [26] (http:// webbook.nist.gov, accessed July 2001), Figure 1 plots the q is values versus the enthalpy of vaporization of the pure solid, calculated from the sum of the fusion enthalpy and the enthalpy for vaporization of the pure liquid at the average temperature of the studied temperature range. Figure 1 demonstrates close agreement (r 2 ϭ 0.96) between measured and expected data. The q is values are slightly lower than expected from the enthalpies for vaporization of the pure solid, by about 1 kJ/mol, on average. This supports the assumption that the difference in enthalpy between the pure solid state and the CM-sorbed state is negligible.
The scant literature data for the isosteric heat of sorption from water to CM seem to further support the assumption. For sorption of phenanthrene from water to graphite, taking the supercooled liquid as the reference state, q is was Ϫ22 to Ϫ24 kJ/mol (a slight decrease with decreasing loading) [27] . The isosteric heat for nonlinear sorption of phenanthrene by a Webster soil, with supercooled liquid as the reference state, decreased from about Ϫ5 kJ/mol to about Ϫ15 kJ/mol, with sorbed concentrations decreasing from about 100 g/g to about 1 g/g [11] . On decreasing concentrations, the contribution of adsorption to the total sorption process will increase. Therefore, the isosteric heat for adsorption is at least Ϫ15 kJ/mole. These values compare reasonably well with the opposite of the enthalpy of melting of ϩ19.9 kJ/mol from Linstrom and Mallard [26] . In other words, the change in enthalpy on going from the liquid state to the CM-sorbed state is about equal to the change in enthalpy on going from the liquid state to the solid state.
Hence, neglecting the difference in enthalpy between the pure solid state and the CM-sorbed state, the excess Gibbs energy change (⌬G) for adsorption on CM from water is given by where ⌬S is the change in entropy. For many compounds, literature data are available for the solubility in water of either the liquid or the solid state. In addition, for many compounds, thermodynamic fusion data are available. For a practicable use of Equation 3, an expression for the difference in entropy between the solid and the CMsorbed state is needed. This will be derived here.
Lopatkin's study [25] also gives values for the entropy of sorption from the gas phase. To compare the entropy of the sorbed state with the entropy of the liquid state, values for the sorption entropy relative to the pure solid state are needed. They were calculated from the entropy data in Lopatkin [25] and entropies of vaporization and melting from Linstrom and Mallard [26] . The values for the entropy change associated with the transition from the solid state to the sorbed state were regressed against the entropy of melting (⌬S m ) ( Earlier, for PAHs, it was proposed that the sorption entropy results from the loss of one translational degree of freedom and two rotational degrees of freedom from the pure liquid state and amounts to about 33 J/mol K [16] . However, it is difficult to envision monolayer sorption at low concentrations to be liquid-like. Note that Equation 4 shows that the entropy of the sorbed state is about 18 J/mol K higher than the estimate by Gustafsson and Gschwend for a liquid sorbed state [16] . This can qualitatively be explained by a higher translational freedom for a 2D-RRS gas as compared with a sorbed liquidlike state.
By substitution of Equation 4 into Equation 3
, it is obtained for the Langmuir affinity b for sorption on CM from water that
where C L is the liquid solubility and ⌬H m is the enthalpy of melting.
Rearrangement of Equation 5 affords
Or, on the basis of solid solubility (C S ),
For sorption from the gas phase, following the same reasoning as for sorption from water, the following equations, which are similar to Equations 6 and 7, are obtained:
where P L and P S are the liquid and solid vapor pressures, respectively. Equations 6 through 9 allow the estimation of sorption affinities from well-defined compound properties. At this point, it should be stressed that, at sorbed concentrations near the maximum capacity for adsorption, multilayer adsorption or sorption by pore filling may also occur. In these cases, the 2D-RRS model will underestimate adsorption. Nevertheless, at low concentrations, monolayer adsorption may dominate. In the next section, estimates from Equations 6 through 9 will be compared with experimentally obtained values for Langmuir affinities for sorption by various CMs from the literature.
OBSERVED VERSUS PREDICTED LANGMUIR SORPTION AFFINITIES
Langmuir affinities have been reported for adsorption from water of PAHs by activated carbon [28] , benzene, chlorobenzenes and PAHs by soils [12, 24] , phenanthrene by coal and kerogen [29] , and 1,2,4-trichlorobenzene at very slowly desorbing sites in a sediment [8] . Furthermore, for the present study, Langmuir affinities for sorption of phenanthrene and pyrene by diesel soot were calculated from sorption data reported by Bucheli and Gustafsson [30] . The experimental Langmuir affinities are given in Table 1 along with compound properties. For a given compound, affinities from various studies and sorbents in Table 1 show little variation. For phenanthrene, e.g., the affinities for the various sorbents (soils, active carbon, kerogen, coal, and soot) are within a factor of 2.5 of the average value of about 50 m 3 /g. This suggests that a thermodynamically similar sorption mechanism applies to these sorbents.
The measured affinities were in reasonable agreement with values calculated from Equations 6 and 7. A log-log regression of calculated versus measured data gave a zero-intercepting slope of 1.02 with r 2 ϭ 0.89 (data not shown). A slight increase of the numerical value of 14.55 J/mol K in Equations 6 and 7 to 15.7 J/mol K resulted in a slightly better agreement between predicted and measured values (r 2 ϭ 0.90), with a zerointercepting slope of 1 (Fig. 3) . Note that the difference between these numerical values is negligible, as it would result in a 15% difference in values for b. Therefore, all data (experimental affinities used in this section and thermodynamic data used in the previous section) can be described by
which will be further used in this study.
Sorption of m-xylene from the gas phase by an AC40 at low pressures and 333ЊK followed a Langmuir isotherm and failed to fit to a Freundlich or Dubinin-Raduchkvitch isotherm [31] . At 298, 308, 318, and 333 K, the experimental Langmuir affinities were 8.12, 4.64, 3.46, and 2.07 kPa Ϫ1 , respectively. Estimates for b from Equation 8 at the four temperatures, using entropy and vapor pressure data from Linstrom and Mallard [26] , are 14.7, 6.81, 3.54, and 1.37 kPa Ϫ1 , which are in reasonable agreement with the experimental values.
The agreement, within an average factor of two, between experimental and estimated values for the Langmuir affinity for adsorption from either water or the gas phase demonstrates the applicability of the 2D-RRS model to the investigated systems and suggests a general applicability for the estimation of Langmuirian adsorption on CM. To further explore the appli- Fig. 3 . Experimental versus predicted affinities for Langmuirian sorption of aromatic compounds by various carbonaceous materials (□, activated carbon [28] ; #, sediment [8] ; ⅜, kerogen and coal [29] ; *, National Institute of Standards and Technology diesel soot [30] ; ⌬, soils [12, 24] ). The line is the y ϭ x line.
cability of the 2D-RRS model, in the next sections, literature experimental values for adsorption distribution coefficients will be compared with estimates based on predictions from the 2D-RRS model combined with a tentative estimation procedure for Langmuir sorption capacities.
COEFFICIENTS FOR DISTRIBUTION OF PCBs AND PAHs OVER AUTOMOTIVE SOOT AND WATER
Soot-water distribution coefficients for PAHs have been reported by Bucheli and Gustafsson [30] and by Jonker and Koelmans [32] . Recently, Bucheli and Gustafsson determined soot-water distribution coefficients for biphenyl, three nonortho-substituted PCBs, one mono-ortho-substituted PCB, and four multi-ortho-substituted PCBs (T. Bucheli and Ö . Gustafsson, Stockholm, Sweden, personal communication). The authors calculated one tenth of a monolayer to be present on the soot surface under their experimental conditions. That suggests that the soot-water distribution coefficients (K p ) describe the initial linear part of Langmuir isotherms. In that case, Equation 1 reduces to Q ϭ bCQ max or K p ϭ Q/C ϭ bQ max .
In this section, relations between the sorption affinities for PCBs and PAHs calculated from Equation 10, and K ow will be derived as no fusion entropies are available for some of the PCBs studied by Bucheli and Gustafsson. Additionally, a relation between the sorption capacity and K ow will be derived from the single pertinent study. From these two relations, sootwater distribution coefficients will be calculated for a comparison with the experimental values.
Affinities (b) for sorption of PCBs by CM were calculated from Equation 10 for the PCBs compiled in Table 2 . A loglog plot of the calculated sorption affinities b versus the supercooled liquid solubility C L (Fig. 4) reveals a separation into two groups, i.e., the non-and mono-ortho-substituted PCBs on the one hand and the multi-ortho-substituted PCBs on the other hand. In Figure 4 , the data for the non-and mono-orthosubstituted PCBs are pooled with those for PAHs and chlorobenzenes as the number of non-and mono-substituted PCBs was relatively low. Slopes of regression lines are almost identical, the intercept for multi-ortho-substituted PCBs is about one log unit lower. For non-and mono-ortho-substituted PCBs and the planar aromatic compounds, the regression equation is 
For multi-ortho substituted PCBs, it is 
For the PCBs, PAHs, and chlorobenzenes in this study, the relation between K ow and C L was 
Soot-water distribution coefficients will be calculated from these two equations combined with an equation for sorption capacities, which will be derived later.
Walters and Luthy [28] observed Langmuir capacities (Q max ) for the adsorption of PAHs by Filtrasorb 400 activated carbon (Calgon, Pittsburg, PA, USA) to decrease with increasing molecular size. Figure 5 plots the PAH Q max values against K ow . These Q max values comprise two data sets, i.e., Q max values estimated from isotherm data at low concentrations and those from isotherm data at high concentrations. Q max values from the high-concentration data were somewhat higher compared with those from the low-concentration data, by about 0.2 log units in most cases. That may suggest some additional multilayer adsorption or pore filling at the higher concentrations. However, the small difference was considered to be negligible. The values for anthracene are much lower than for phenan-P.C.M. van Noort [34] give 85.7 J/mol K, which is unusually high compared to values for other polychlorobiphenyls (PCBs). The supercooled liquid solubility calculated using this high value did not fit to a log-log regression between the supercooled liquid solubility and K ow for the PCBs in this table.
The value of 56.3 was estimated from this regression. c Falconer and Bidleman [42] . d The value for fusion enthalpy as listed in MacKay et al. [34] is far above the regression line between fusion enthalpies and the number of chlorines for multi-ortho PCBs (data not shown). The fusion entropy of 48.6 J/mol K was calculated from the fusion enthalpy estimated from this regression. e MacKay et al. [34] mention 0.0342 mmol/m 3 . The value of 0.00342 gives a better fit to the log-log regression between supercooled liquid solubility and K ow . f Linstrom, Mallard [26] . g MacKay et al. mention 0.132, which is not in agreement with the liquid vapor pressure and fugacity ratio in [34] . It seems that it should be 0.0132 instead. h Shiu and Mallard [43] . Fig. 4 . Log-log plot of affinities b for sorption by carbonaceous materials of non-and mono-ortho polychlorinated biphenyls (PCBs) (Ⅵ), polycyclic aromatic hydrocarbons (PAHs) and chlorobenzenes (□) and of multi-ortho PCBs (ⅷ) against supercooled liquid solubility CK L ; -, regression line for non-and mono-ortho PCBs, PAHs, and chlorobenzenes; ---, regression line for multi-ortho PCBs. threne and were omitted from the regression. The data in Figure  5 fit to 10 10 log Q (mg/g) ϭ Ϫ0.62 log K ϩ 4. (multi-ortho PCBs)
where a specific surface area of 998 m 2 /g was taken for the Filtrasorb 400 activated carbon used by Walters and Luthy [28] and where A CM is the CM-specific surface area. Table 3 gives the estimated soot-water distribution coefficients for both National Institute of Standards and Technology (NIST; Gaithersburg, MD, USA) diesel soot employed by Bucheli and Gustafsson and the exhaust pipe soot employed by Jonker and Koelmans along with the experimental values [30, 32] and the unpublished PCB sorption data of Bucheli and Gustafsson. The estimates were calculated for a specific surface area of 89 [30] and 59 m 2 /g (M.T.O. Jonker, Wageningen
University, Wageningen, The Netherlands, personal communication) for the NIST diesel soot after degassing at 573 K and the exhaust pipe soot, respectively. The estimated NIST diesel soot distribution coefficient is equal to the measured one within a factor of two, except for naphthalene, which is underestimated. Note that the estimates for the PCBs adequately capture the influence of the degree of ortho substitution on distribution coefficients as well. For phenanthrene, fluoranthene, and pyrene on the exhaust pipe soot, the sorption is underestimated by a factor of three. However, for the larger PAHs, the sorption is underestimated by a factor of 10 or more.
It cannot be excluded that Equation 16 underestimates the sorption capacity for the larger PAHs and PCBs because it was derived from data for relatively small PAHs. The close match between estimates and measured data is encouraging. The discrepancy for larger PAHs stresses the need for more sorption capacity data and investigations on the relationship between sorption capacities and specific surface area.
COEFFICIENTS FOR DISTRIBUTION OF PCBs AND PAHs OVER SEDIMENT-CM AND WATER
For PAHs, PCBs, and chlorobenzenes in Lake Ketelmeer sediments, sediment-water distribution coefficients substantially exceeded expectations based on simple hydrophobic partitioning, which was proposed to be caused by sorption by soot carbon in these sediments [15] . For the 40-to 120-cm sediment layer, these data were recently confirmed employing a different technique [32] . Such enhanced sorption is in line with the earlier observation that chlorobenzenes and PAHs in sediments from the same area predominantly reside in the very slowly desorbing domain [33] . Figure 6 shows a log-log plot for the distribution coefficients (with K SC in L/kg soot carbon, calculated from data in [15] ) against K ow for in situ PAHs and Environ. Toxicol. Chem. 22, 2003 P.C.M. van Noort Fig. 6 . Log-log plot for in situ soot carbon-water distribution coefficients for multi-ortho polychlorinated biphenyls (PCBs) (⅜), polycyclic aromatic hydrocarbons(ⅷ), and non-and mono-ortho PCBs (□) in sediment from Lake Ketelmeer against K ow . Lines are predictions for a soot carbon surface area of 450 m 2 /g; -, planar compounds; --, multi-ortho PCBs.
PCBs in the 40-to 120-cm layer sediment [15, 32] along with predicted values. For the prediction of K SC , it had to be arbitrarily assumed that the specific surface area of the CM in this sediment is 450 m 2 /g in order to approach the measured distribution coefficients. The data in Figure 6 show some scatter, especially for the PAHs and non-and mono-ortho PCBs. Nevertheless, data follow the predictions: Both predicted slopes and predicted differences between multi-ortho-substituted PCBs and the other sorbates are in agreement with data trends.
The assumed CM surface area of 450 m 2 /g is unusually high compared with automotive soot surface areas. This underscores the need for more sorption capacity and surface area data. However, preliminary measurements on a sediment sample taken from a 40-to 120-cm deep layer of Lake Ketelmeer sediment afforded an adsorption capacity for phenanthrene of about 150 g/g sediment (P. van Noort, unpublished data). This capacity, combined with an estimated value for the sorption affinity of phenanthrene from Equation 10, yields a 10 log K oc value of about 5.24, which compares well with a 10 log K oc of 5.58 and 5.70 reported in Jonker and Smedes [15] and Jonker and Koelmans [32] , respectively, for phenanthrene in sediment from the same depth in Lake Ketelmeer. This agreement for phenanthrene between measured and predicted distribution coefficients further demonstrates the applicability of the 2D-RRS model.
The applicability of the 2D-RRS gas model for the estimation of affinities for sorption of organic compounds to CM from water and the gas phase, combined with the fair prediction of both soot-water and sediment-water distribution coefficients, suggests that the approach taken for soot-water distribution coefficients could also apply to CM-air distribution. This will be explored in the next section.
GAS-CARBONACEOUS MATTER DISTRIBUTION
For planar aromatic compounds, CM-air distribution coefficients K EC (m 3 /g) were calculated from Q max values, estimated from Equation 16 , and Langmuir sorption affinities, calculated from Equations 8 and 9 using thermodynamic data from [34] and [26] . The compounds were methylnaphthalene, 2-methylnaphthalene, 2,6-dimethylnaphthalene, (E)-stilbene, benzo[a]pyrene, benzo[e]pyrene, 9,10-dimethylbenzo[a]anthracene, the PAHs in Table 1 , and all chlorobenzenes. A regression against P L afforded for the elemental or carbonaceous carbon (EC) normalized distribution coefficient K EC 
where A aerosol EC is the aerosol EC-specific surface area. As correlations have been found between aerosol-air distribution coefficients and the coefficient for octanol-air partitioning K OA [35] , it is also useful to write Equation 19 in terms of K OA . Substitution of 10 log K OA ϭ Ϫ1.040 ϫ 10 log P L ϩ 6.441 [36] into Equation 19 yields 
With Q max from Equation 16, 10 log K OA versus 10 log P L regressions from [37] , and accounting for the specific surface area relative to Filtrasorb 400, the dependence of distribution coefficients on K OA is 10 3 log K (m /g carbon) 
There are no literature data for A aerosol EC . For average urban particulate matter, a A TSP of 2 m 2 /g was suggested [38] . From data for the fraction of elemental carbon (f EC ) in Chesapeake Bay (20 km east of Baltimore, MD, USA) area aerosols [20] , an average 10 log f EC of Ϫ1.54 can be calculated. For a Los Angeles, California, USA, metropolitan summer smog episode, it was Ϫ1.64, on average [38] . For an average f EC of 0.026 and neglecting non-EC surface area, the upper limit estimate for average urban A aerosol EC would be 77 m 2 /g EC. Note that this value is close to the specific surface areas of 59 and 89 m 2 /g for exhaust pipe soot and NIST diesel soot, which suggests that the estimate is realistic.
Aerosol-gas phase partitioning of PAHs in the Chesapeake Bay area exceeded expectations based on absorption into aerosol organic matter by a factor of about 10 to 1,000, which was attributed to adsorption onto soot carbon measured as elemental carbon [20] . From the data, it can be calculated that the average 10 10 log K p ϭ 0.82 ϫ 10 log K OA Ϫ 11.0, which is almost one order of magnitude below the observed relation. These tentative comparisons suggest that the sorbed PAHs in both the Chesapeake Bay and Chicago area were perhaps not in equilibrium with the gas phase. Earlier, nonequilibrium conditions for PAHs were proposed [35, 39, 40] . However, because the A aerosol EC has not been determined, it may still be that equilibrium existed if A aerosol EC would have been about 800 m 2 /g. Distribution coefficients for non-ortho PCBs and multiortho PCBs in urban Chicago aerosols correlated in the same way with K OA , which was proposed to suggest a negligible contribution of CM adsorption [35] . At an organic matter fraction of 15%, the distribution coefficient for absorption can be expected to be related to K OA by 10 log K p ϭ 10 log K OA Ϫ 12.7 [35] . For CM adsorption of non-and mono-ortho PCBs, assuming an average f EC and a specific surface area of 77 m 2 /g, Equation 23 predicts 10 log K p ϭ 0.93 ϫ 10 log K OA Ϫ 12.3. With 10 log K OA values for PCBs being about 10, the expected contribution of CM sorption to overall sorption will be about 50%. Equation 24 predicts multi-ortho PCBs to be less adsorbed by CM. As a result, the tentative prediction suggests sorption to be equal, within a factor of two, for non-, mono-, and multiortho-substituted PCBs, which is consistent with the observations for the urban Chicago aerosols. It should be stressed that the considerations given above are based on assumptions about EC content and specific surface area in relation to sorption capacities. Further research in this area is needed to improve the estimation of gas-CM distribution.
Despite the inherent problems, for Langmuir affinities, both the gas-phase sorption thermodynamics and the good fit between measured and predicted affinities for sorption from either water or the gas-phase suggest the general applicability of the 2D-RRS gas approach. It would therefore be of interest to investigate the applicability to other types of compounds, especially for ranges of congeners with varying fusion entropies, for instance. As to sorption coefficients for the Henry domain, it should be realized that the present relationship between sorption capacities and K ow is based on a few data for one sorbent. More sorption capacity data and the further development of relationships between these capacities and sorbent properties may further improve the predictability of CM distribution coefficients.
In conclusion, the present literature data suggest that the Langmuir affinity for sorption from water of organic compounds by carbonaceous materials can be estimated using Equation 10 as 
m In many cases, the carbonaceous material-specific surface area will not be known. However, for environmental sorbents, the scant data suggest a range of 70 to 700 m 2 /g. A default value of 200 m 2 /g may afford a within-one-order-of-magnitude estimate of distribution coefficients. Pending further improvement, the estimation procedures for CM distribution coefficients in the present study may be used to assess bioavailability of in situ organic compounds relative to compounds sorbed by partitioning to organic matter only.
